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Non-Riemannian cosmic walls from
gravitational collapse
By L.C. Garcia de Andrade1
Abstract
Two classes of metrics obtained from non-Riemannian gravita-
tional collapse are presented.The first is the Taub planar symmetric
exact solutions of Einstein-Cartan field equations of gravity describing
torsion walls which are obtained from gravitational collapse of time
dependent perturbation of Riemannian Taub symmetric solutions of
General Relativity.The second is a modification of the Vilenkin Rie-
mannian planar wall which is obtained from a non-Riemannian planar
distribution of spinning matter.
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Gravitational collapse of plane symmetric inhomogeneous distribution of
matter leading to cosmic walls have been investigated in detail by Holvorcem
and Letelier [1].In this letter we present two examples of metrics which repre-
sent cosmic walls obtained from non-Riemannian gravitational collapse.The
first is a non-Riemannian wall obtained from a also non-Riemannian planar
Taub wall [2] obtained from the General relativistic cosmic wall by a time
dependent perturbation.The second is the same time dependent perturba-
tion acting on a Vilenkin Riemannian wall which yields a Riemannian planar
thin wall from the gravitational collapse of a non-Riemannian distribution of
spin-torsion matter.Let us consider the first metric given by
ds2 =
(−dt2 + dz2)
(1 + kz)
1
2
+ (1 + kz)e
β
t (dx2 + dy2) (1)
Where β is a constant.Note that when time becomes infinity this metric
reduces to the well known Taub space-time .Let us now consider the Einstein-
Cartan field equation in the quasi-Einsteinian form
Gij = T
EC
ij (2)
where TECij is the energy-stress tensor similar to the Kalb-Hammond energy
momentum tensor given by
TECij = SiklS
kl
j −
1
2
gijSijkS
ijk (3)
The Einstein Riemannian tensor componenets Gij , where i, j = 0, 1, 2, 3 are
given by
Gtt = µ
2
t − 2µzz − 3µ
2
z + 2µzνz (4)
and
Gtz = 2(µtz + µzµt − µtνz) (5)
which is responsible for the heat flow and
Gzz = 2µtt + 3µ
2
t − 2µz − µ
2
z (6)
which yields the orthogonal pressure p| and finally the component Gxx = Gyy
which is responsible for the parallel pressure p||
Gxx = Gyy = e
2(µ−ν)(µtt + µ
2
t − µzz − µ
2
z − νzz) (7)
2
for the general plane symmetric space-time
ds2 = e2ν(−dt2 + dz2) + e2µ(dx2 + dy2) (8)
By choosing the following non-vanishing components of the spin-density ten-
sor S023 = S123 and by substitution of metric (1) into the expressions for the
Einstein tensor we obtain the following expressions
σ = S2 + (1 + kz)2[
2β
t3
+
β2
t4
] (9)
where σ is the surface energy density of the wall and S123
2 = S023
2 = S2 is
the spin-torsion energy density.The remaining equations yield the equations
for the heat flow
p′| =
βk(1 + kz)
4t2
+ S2 (10)
the orthogonal pressure
p| = S
2 + (1 + kz)(
4β
t3
+
3β2
4t4
) (11)
and finally a tranversal pressure
p|| = S
2 + (1 + kz)e
β
t [
4β
t3
+
3β2
4t4
] (12)
One must notice that from these expressions when time goes to infinity
the Taub wall collapses to a purely non-Riemannian torsion wall where the
surface energy density and the pressures reduces to the spin-torsion den-
sity.Notice also that when time approaches the origin these quantities di-
verge and produce a true singularity in spacetimes with Cartan torsion.Other
classes of metrics which decay to cosmic walls may appear elsewhere. The
second example is given by
ds2 = eFdt2 − eGdz2 − eH(dx2 + dy2) (13)
where H = −4piσ(z − t − β
t
), (z > 0) and F = G = −4piσz and we note
that when time tends to infinity the metric reduces to the thin cosmic wall
metric.Here β is a constant.Riemannian thin cosmic wall EMT is given by
T ij = σdiag(1, 0, 1, 1)δ(z) (14)
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where σ represents the matter surface distribution of the cosmic wall δ(z) is
the Dirac delta distribution carachterizing the thin wall.The Einstein-Cartan
field equations read
TEC00 =
1
32pi
(H2t − 4Hzz − 3H
2
z + 2HzGz)
TEC01 =
1
16pi
(HtGz +HtHz)
TEC11 =
1
32pi
(−3H2t +H
2
z − 4Htt + 2HzGz)
TEC22 = T
EC
33 =
1
32pi
eH−F (−H2t +H
2
z − 2Htt)
(15)
here the EMT TECij is the total Einstein-Cartan stress-energy tensor given
generally by [3]
TECij = Tij + SiklS
kl
j −
1
2
gijS
2 (16)
where Sikl is the torsion tensor and S
2 = SijkS
ijk is the spin-torsion energy
density.This tensor is very similar to the Kalb-Rammond tensor of super-
strings.Now we are able to solve the Einstein-Cartan equations for the plane
symmetric distribution (13).We shall choose the distribution of spin and tor-
sion in such a way that torsion is totally skew-symmetric and the torsion
vector is orthogonal to z = 0 domain wall, that is, the only non-vanishing
component of the torsion is S123.The (00) equation when time goes to infinity
is
TEC00 = (σ − S
2)e−4piσz (17)
Nevertheless this does not mean that the cosmic wall obtained from the grav-
itational collapse be non-Riemannian because we shall prove from the other
EMT components that torsion vanishes also when time goes to infinity.The
component (01) vanishes identically which means that the gravitational col-
lapse does not produce any heat flux.Let us now compute the remaining
components (11) and (22).The (11) component yields
S2 = (S123)
2 =
σβ
4
[
1
t3
−
σpi
t2
−
3piσβ
2t4
]e−4piσ(z−2t−
2β
t
) (18)
we note that when time goes to infinity,torsion vanishes which carachterize
the Riemannian nature of the cosmic thin wall obtained after the gravi-
tational collapse.Finally computation of the remaining components of the
4
energy-momentum tensor yields TEC22 = T
EC
33 = σe
−4piσz as time goes to in-
finity, shows to be compatible with the result.This simple example is not
meant to produce a general result and a simple examination of this letter
shows that a modification of our choice of the metric leads to a possible
gravitational collapse of domain walls with heat flux and we can end up with
a non-Riemannian space-time.Recently we have investigated [4] the inflating
torsion defects produced from dilatonic domain walls and a natural extension
of the work discussed here would be to investigate the effect of gravitational
collapse of the non-Riemannian walls on inflationary cosmological models.Let
us now investigate more realistic models like the non-Riemannian planar thin
cosmic wall with heat flow is enough to modify the spin-torsion distribution to
trigger the gravitational collapse ,for example by choosing one extra torsion
component as S023.With this choice the heat flow component T
EC
01 does not
vanish anymore and is given by TEC01 = 2S023S
23
1 which shows that the heat
flow is due solely to the spin-torsion distribution.Some years ago H.Soleng [5]
have presented a solution of EC field equations representing a cosmic string
with heat flow without however discussing the gravitational collapse of non-
Riemannian cosmic strings.More general models including non-Riemannian
cosmic walls from gravitational collapse of non-Riemannian space-times can
be obtained by simply modifying the nature of space-time metric (1).Work
in this direction is now under progress.
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